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CORRELATIONOF TWO EXPERIMENTALMETHOD3OF I@TERMINING

THE ROLLINGCHARACTERISTICSOF UNSWEPTWINGS

By RobertMacLachlanand WilliamLetko

fmMilARY

The rolling npmentsof one tapered
similarrectangularwingswere msasured

whg and two geometrically
both in rollingflow with

the wing stationar~and in straightflow withforcedrotationof
the wing to obtaina correlationbetweenthe two methodsof testing
and to determinethe rollingcharacterstlcsof the wings.

The resultsshowed.thatfor unsweptwings the roUMng charac-
teristics(therate of changeof rolling-momentcoefficientand the
rate of changeof aileronhinge-momentcoefficientwith rolling
velocity)obtained%y rotationof the air agreedwltinthoseobtained
by forcedrotationof the wing. Calculatedvaluesof the rolling
characteristicsof the threewings checkedcloselythe experimental.
values. The calculationsshowedthat,for the wings tested,the
variationof dampingin roll with angleof attackdependsprimarily
on the variationin the slopeof the lift curvewith angleof attack.
The resultsalso showedthat,when the wing was yawed,the valuesof
the de.qping‘inroll and of the variationof aileronhingemoment
with rollwere approximatelyproportionalto the squareof the cosine
of the angleof yaw.

INTRCKUCTION

In orderto predicteitherthe dynamicstabilityof an airplane
or the airplanemotionsresultingfrom movementof the lateral
controls,accuratevaluesof the dynaticI.aterel-sta%ilityderivatives “
of the airplanemustbe known. Includedin the presentinvestigation
are two methodsby which tilederivativesresulting from roll may be
measured. The firstof thesemethods,whichhas in the past leen
used by the NationalAdvisoryCommitteefor Aeronautics,provides
for forcedrotationof the model in a straightair stream. The
secondmethodprovides

.—.
~ instead,for rotationof the air stream

(rollingflow)with the modelfixed. In orderto obtaina correlation
betweenthe resultsobtained’bythesetwo methods,a taperedting end
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two ge0metx5callysinilarrectan@ar wings of.&Mfer&t spanwere
testedboth In zd.lingf30w with the wing stationaryand in straight
flow withforcedrotationof thewing..The rolling-flowmsthod
does not exactlysitite the conditionsof an airplanein steady
roll or the conditions of the modelin forcedrotation. With rolling
flow thereis a variatia”of staticpressurewith distancefrom the
centerof rotationti Im..l.ancethe centrifugalforcecausedby the
aiX rotationQ Sucha condttiondoesnot existfor the caseof an
airplane in steady roll or for mdel rotation, If thsbody b be
testedis symmetricalany farces‘nsultingfromthe pressure
gradientshouldcancel. The pressuregzzuiiant,however,tmds to
causean inward. flow in the boundarylayerof the wing,whichmight
be expectedto alterthe characteristicsof the varioussections
alongthe spanof thewing. The investigationwas thereforemade
to determinewhetherthis effectwouldcauseany appreciablechange
in the dampingin ydl of unsweptwings. we two rectangulartinge
of differentspanwere testedso that‘M indicationof tieuniformity
of rollingflow acrossthe tutielcouldbe obtained~

‘1

:

SYMBOLS
.

,..
.

angleof attack,de@ees *

angleof yaw, degrees . I
““(” .)

aileronhi~e-momentcoeffictent IIingemoment
t

qca~a

incrementof aileronhinge-gmmentcoe?flcient ~ ~

incrementof rolling-momentcoefftcient

dampingcoefficient;thatis, rate of chengoof rolllng-moment

cceffici.entwith wing-tlp helixanglein vadiaue
G%?) “ .

incr?mentof %-inq”’tiphelixan@e, rtitians
,

,.
,’
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c% rate of changeof hingemomentwith wing-tiphelix

‘e (,(%?]) “

%

%a

rate of changeof aileronhingemommt with angleof

attack,per degree
()<

sectionlift-curveslope,per

absolutevalueof the,ratio

degree

—. — —— - -—-

ailerondeflection(positive dom~ard)~ QYees

wing span,feet

aileronsp&, feet
.-

aileronchord,feet
i

area of wing, square feet

rollingvelocity,radiansper second

airsyeed,feetper second

ratio of tip chord to root chordof wing

free-streamdynamicpressure,poundsper t3cj2arefoot

Reynoldsnumber

APPARATUSAND !133STS —

The tests were made in the 6-foot-diametertest sectionof the
LangleystaVllitytunnelwhich is illustratedin figure1.

Tflemodelwas mountedon a supportwhich,whennot locked,was
free to rotateabout the tunnelcenterline. For the forcedrotation
tests,tie rate and-directionof rotationcf the modelwere regulated
by chmging the angleof attackof a smalldrivingairfoilattached
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to the supportas shownin figure2. For the rolling-flowteststhe
modelwas fixedand the air streamwas rotatedby meansof the rotor
shownin figure3. This methodhas the advantagethatall forces
and momentscan be measuredwith the wdel mountedon a conventional
balancesystem.

Rollin~momentswere measuredat vari,ou~anglesof attackand
yaw for all.the wingsand, for the taperedwi,ng,aileronhinge
momentswere alsomeasuredat zeroaileron&flection. Rolling-
mrxaentreadingswere obtainedfrom strain.gagesmountedon a beam
whichformedthe junctionbetweenthe modeland the modelsupport.
The aileronhingemomentswere also,measuredly strain gages.

The principaldimensionsof the threewings testedare givenin
figure4. Each of the models,wasmade of laminatedmahogany. The
taperedwing was equippedwith plainailerons(fig.4), to one of
whichwas attachedstraingagesfor hinge-mmnentmeasurement.The
modelconfigurationstestedare given in talQ.e 1.

The straight-flowtestswith modelfixedwere made so that c%
couldbe obtained. All the testswere made at a dynamicpressureof
64.3 pmnds per squarefootwhich correspondst~ testReynoMs nunibers

of about 1.o2 x 106 for the k-foot-spanwingsand 1.28 x 106 for the
q-foot-spanwing. .-

RESUIJMAND DISCUSSION

A preliminary investigationof the rotationaldistribution
producedby the rolling-flowrotorindicatedthat the air-stream
angledidnot increaselinearlywith distancefrom the center of
the tunnel. It was found,however,that,if the air-streamangles
producedby positiveand negativerotationwere averaged,a nearly
linearvariationof air-streamsngl.ewith distancewouldbe obtained.
Becauseof warpingof the rotorblades,however,the variationof
air-streamangleat zerorotor speedwas appreciable.In order
to eliminatethe effectsof the variationof air-streamangle,the
data obtainedwith air-streamrotationhavebeen presentedin the
fOrm Of incrementsOf Ct, Ch, end”pb/2V. TheSeincrementswere

calculatedby subtractingthe valuesof Cz, Ch, and pb/~ obtained
with the smallestpositiveair-streamrotationfrom thoseobtainedat
the higherpositiveair-etreamrotationsandby averagingwith these

,, resultsthe correspondingresultsproducedby subtractingfrom the ‘-
!

valuesobtainedat the smallestnegativeair-streamrotationthe
valuesat highernegativeair-streamrotations. Theseaveragedincre-
mentsare presentedIn figures~ to.8with additionalpointsobtained
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from mdel-rotation.tests (bothpositiveand negativemodel-rotation
datahavebeen ~lotted,hy ap@opriate changesin sign,in the ~sitive
Apb/2Vrsmge). From thesefigures,valuesof Cl

P
and Ch were

P
measuredfor inclusionin figure9 and txibleII, respectively.“No
wind-tunnelcorrectionswere made to the data inasmuchas the Mft
coefficientwas not measured;however,at a lift coefficientof 1.0,
the angle-of-attackcorrectionfor the ‘j-foot-spanwing was estimated
to be shout1°.

Comparisonof Forced-Rotationand

The CZ and C
%

resultso%tained
P

Rolling-FlowResults

by the two experimental.methods

(figs.5 to 8) showedconsistentagreement,and indicatedthat,for
unsweptwings,the rolling-flowtestprocedureshouldle satisfactory. ‘

A comparisonof the resultsof the h-foot-and 5-foot-spanrec-
tangularwings (fig.9) showedvery little,differencein corresponding
valuesof Ct and indicatedthat the uniformityof rollingflow across

P
the tunnelwas satisfactoryfor unsweptwings of-spensup to ~ feet.

Dampingin Roll

The experimentalvaluesof Czp are plottedIn figure9 and are

compared.with valuesof c~p calculatedfrom theoreticalveluesof

c1
I

~ CZG givenin figure2 of reference1 sndfrom sectionlift data

from the Langleytwo-dimensionallow-turbulencetunnel. The section
lift datafor the two airfoilsectionsused are presentedin figure10
with additionalcurvessh?wingthe variationof secti~nlift-curve
slope Cla with angleof attack. In calculating the values of c~p
the sectionlift-curveslopeat each engleof attackwas used. Thi6
methodof calculationis approximate,particularlyat the higherangles
of attack,since,for a finite-spanwing, the sectionlift-curveslope
will not remin constantat all sectionsalong the span of the wing.
The agreementbetweenthe experimentaland calculatedcurves(fig.9)
is generallyconsideredfair and at smll anglesof attackis considered
very good. For the wings tested,the variationsM CZD with angle

of attackare causedyrimarilyby variationsin the sec;lonlift-
curveslope.

The dampingin roll of the wingswhen yawedwas found to be approxi-

DEt91~Qroyortional to cos~ (fig.11). This relationwae expected,
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sincethe velocitycomponentnormalto the leadlngedgevariesas the
cos $ “and,therefore,the dynamic-pres&arecomponentnormalto the
leadinge@e (towhichthe forcesand.momentsare proportional)varies

approximately as the COB2+.

Rate ofChange of AileronHingeMomentwith Rate of Roll

A calculated valueof
(%)

for the aileron of the tapered
Ch

wing waa obt.dned’byuse of the informationgivenin figures3 and 4
of reference1. The valueobtained,0.519,was thenmultipliedby
valuesof CM obtainedfromwind-tunneltestsof the taperedwing

in straightflow (fig.12) to give valuesfor Chy. Thesevaluesof’

Chp) togetherwith the valuesobtainedby the rolling-flowand forced- ‘
—.

rotationtests;kiq jresentedin ta>le11.

Becauseof the low magnitudm of Cha for this.particularaileron-

wing configuration, all the values of ~m were small. At an angle

of 8° the valuesof Ch were generally~igherthanat zerosngleof

attack. This increase~esultsfrom the’increasein CM as the angle ~ ,
—1

of’attackbecomeshigher. The valueof C~ wae found to be approxi-

matelyproportionalto COS2$ as was Ct .
P

I

CONCLUSIONS
—

The resultsof rclling-wingand roll.ing-flowtestson k- and~-
foot-spsmrectangularwingsand a h-foot-spantaperedwing in the
Langleystabilitytunnelindl.catethe followinggeneralconclusions:

1. For umweyt wings,the valuesof CIQ and Chp (therate of

cheageof rolling-momentcoefficientand the rate of changeof aileron
hinge-momentcoefficient,respectively~with wi%-tip helix-e)..
obtainedby rotationof the air agr6ed-,withthoseobt~inedby forced -
rotationof the wing.

,
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2. The valuesof Czp and Chp obtainedcheckedcloselytith

calculatedvalues- The calculationsshowedthat>for the ~gs teste%
the variationof Cz with angleof attackdependsprimarilyon the

P
variationin the slopeof the lift curvewith angleof attack.

3. When the wing was yawed,the valuesof both Clp and Chp

were approximatelyproportionalto the squareof the cosineof the
angleof yaw.

LangleyMemorialAeronauticalLaboratory
NationalAdvisoryCommitteefor Aeronautics

LangleyField,Vs., April4, 2947
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TABLEI.-TESTPROGRAM

Taperedwing
(aa= o)

w

Roll@? flow

Jo
% 15

1

[
30

;
6
a8 o
10
12
14
16

Straightflow
(modelfixed) i

1
-2
0

: 0
6 15
8

] {
30

10
L2

Rectangularwing I

w
Rollingflow;
4“ft span

“---110
12
14

J16

i

15
30

o

{

1;
30

1-0 —
Rollingflow;
5-ft span

}

a.
138

0
.

aAlso testedwith forcedrotationof
wing in stmight flow

NATION}LADVISORY
COMMITTEEFOR AERONAUTICS

-

.
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TABLE11,- AILERONHINGE-MOMENTVALUESFOR THE TAFEREDWING

*
(deg)

o

0

15

30

NATIONALADVLSORY
COMMITTEEFOR AERONAUTICS

.

c% Chp

(d:g)
.— .

!Yheoretical liSiSfimental

I I
o I -0.0021 I -0 JOEL I -0.0012

8 I -.0069
I

- .0C36 I -.0030
0 I -.0023 I -.0010 I -.0011

0 I -.0016 \ -.0008 I -.0008

,

.
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Figure 2.- View of 4-foot tapered model mounted in tunnel, showing
small drivingairfoilattachedto model support.
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Figure 3.- Close-up view of rotor.
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~
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(b) % + fmf-qxn rec+angwur NACA 2301’wl~iA = 6.38.
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(c) ?k +-fmf-spm fqx?red /?ACA 662 -2/6 wmg ;A =6; 1=0.’33.3.
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Figure 4.- Plan forms of wings tested.
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Figure 5.- Variationofrolling-momentcoefficientwithwing-tiphelix

angle. Tapered wing.
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Figure 5.- Concluded.



Fig. 6a
NACA TN No. 139

Figure 6.- Variation of rolling-moment coefficient with wing-tip helix
angle. Fom-foot-spm ‘rectan@ar wing.
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Figure 7.- Variation of rolling-moment coefficient with w~g-tip helix
angle. Five-foot-span rectangular wing; ~ = O .

I

.

.

.



NACA TN No. 1309 Fig. 8

,

,

0

E, deg
) -0 o

/l=— — # “ 2?

@p=o”

(b]~=/5°.

I+ L — — — -u o_

!?)$0=30? NATIONAL AbVl$ORY “

> cotwm m M10NAUTIc5

o .02 .& .06 .08 ./0 ./2
Increment of hell~ mg/#b/2$ rudiuns

Figure 8.- Variation of aileron hinge-moment coefficient with wing-tip
helix angle. Tapered wihg; ~a = OO.
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